The transition from adolescence to adulthood is an important time for health promotion and disease prevention (Nelson et al. 2008) . Although nutrition education is widely used to promote healthy lifestyle choices in children and adolescents, it is rarely implemented for college students (Lin and Dali, 2011) . As college students develop autonomy in their food choices, many struggle with eating a healthful diet in college (Clusky and Grobe, 2009 ). As such, many college students often experience weight gain due to poor dietary and lifestyle choices (Clusky and Grobe, 2009 ., Hull et al. 2007 ., Schweitzer et al. 2016 .
Students attending college have been shown to gain significantly more weight than individuals of similar age who do not attend college (de Vos et al., 2015) . For college-age students, weight gain exists not only during the first year but also throughout the course of the traditional four years of undergraduate education (Gropper et al. 2012 ). According to the National College and Health Assessment II survey, 31.3% of college females and 34.6% of college males are overweight or obese (American College Health Association, 2014). As such, BMI is the most frequently used method of assessing overweightness and obesity in general populations (Liu et al., 2013) . However, percent body fat is a more accurate way to assess body fat and fat-free mass because BMI does not reflect true body fatness due to the fact that it only accounts for an individual's height and weight (Liu et al., 2013) . There is strong evidence to support overweight and obesity associated with metabolic syndrome, cardiovascular disease, and Type 2 Diabetes (Mokdad et al., 2001) .
Because college students are gaining weight at six times the rate of the general population (Small et al., 2012) , effective strategies to influence healthy behavior changes are necessary.
Poor dietary habits such as unhealthy dieting, meal skipping, fast food consumption and poor food choices are common among college students (Lua and Elena, 2012). Tam and colleagues found that items on campus such as cakes, muffins, and potato chips, items regularly available on many college campuses, were most frequently purchased by students (Tam et al. 2017) . As well, the most commonly consumed snack foods, including chips, cookies, ice cream, and cupcakes, were correlated with lack of knowledge and limited finances (Downes, 2015) . Similarly, 50% of college freshmen report eating high-fat fast foods three or more times per week with consistent intakes continuing into sophomore year (Gonzales, et al., 2017) . According to the 2015-2020 Dietary Guidelines for Americans (DGA), males and females ages 19-30 fall below the recommended guidelines for fruit, vegetables and dairy (DGA 2015) . According to Racette and colleagues, only 1.3% of students met the recommended daily vegetable servings (Racette et al., 2005) . In a sample of 106 college students, it was determined that 16% of students reported eating fruit daily, and only 17% of students ate green salad daily (Downes 2015) . Although the DGA recommends 50% of total grain intake come from whole grains, only 13% of the college population is meeting this recommendation (Rose et al., 2007) . As well, college students consume only 1.4 servings per day of low-fat or non-fat dairy, less than the DGA recommended three cup equivalents per day (Poddar et al., 2009) .
The effectiveness of a formal introductory nutrition course on lifestyle habits of college students was examined at a large public university. While current literature suggests there are several options of nutrition education interventions, their effectiveness on improving eating habits and healthy lifestyle behaviors is unclear (Lin and Dali, 2011) .
Furthermore, studies similar to this have observed changes in Body Mass Index (BMI) and weight associated with nutrition interventions, but few have assessed body fat percentage as it relates to a semester-long nutrition course. As well, previous research largely focuses on freshman weight change and dietary behavior, yet there is little research examining weight changes and diet during the second and third year of college. The goals of this study were to evaluate the impact of a semester-long introductory nutrition course on nutrition knowledge, dietary choices, and body composition in college students at the end of the course (4-months) and at 8-months follow-up.
Section II: Methods
Students enrolled at the University of Kentucky between the ages of 18-24 were recruited for this study. Students in the experimental group were enrolled in an Introductory Nutrition during the Fall 2015 semester. Most students in the course were in health-related majors including nursing, pre-medicine, pre-physician assistant studies, pre-dental, and dietetics. All students enrolled in the course (approximately 180 students) had the opportunity to participate in this study. Participants were recruited through an in-class announcement and Blackboard post and the first 30 volunteers were accepted. Control group participants were recruited through listserv announcements and in-class announcements with professor approval in non-health related upper-level courses also offered through the College of Agriculture, Food, and Environment. The first 30 volunteers were also accepted to the study. There were no exclusions for ethnic backgrounds, however, participants were English-speaking. Additionally, students who have taken a nutrition class prior to the Fall 2015 semester were excluded from the comparison group. 
Dietary Habits
The dietary habits and health behaviors survey was adapted from a validated National Health and Nutritional Examination Survey (NHANES) Food Frequency Questionnaire as well as the World Health Organization (WHO) Physical Activity Questionnaire, and consisted of 65 questions. The validity and reliability of the dietary habits survey does not exist. To measure these variables, a sum score was created by adding the total responses. Dietary habits were summed into five categories based on a number of questions:
Dairy-"How often do you drink milk as a beverage (NOT in coffee or cereal)?", "What type of milk did you usually drink?", "How often did you eat cheese?", "How often was the cheese you ate low-fat or light cheese?", "How often did you eat dairy products such as yogurt?" and "How often were the dairy products you ate low-fat or fat-free?".
Grains-"How often did you eat cold cereal?", "How often was the cold cereal you ate a whole grain type?", "How often did you eat rice or other cooked grains?", "How often did you eat pasta, spaghetti or other noodles?", "How often was the pasta you ate a whole grain type?", "How often did you eat sandwich bread?", "How often was the sandwich bread you ate whole wheat or whole grain?".
Fruits and Vegetables-"How often did you eat fruit?", "How often did you eat vegetables?", "How often were the lettuce salads you ate made with dark leafy greens?".
Fat-"How often did you eat fried potato products such as French fries and hash browns?", "How often was the chicken you ate fried?", "How often did you eat mixed nuts?", "How often did you eat butter or margarine?", "How often did you eat mayonnaise?" and "How often were your vegetables cooked in some kind of animal fat?".
Protein-"How often did you eat red meat?", "How often did you eat chicken?".
Discretionary choices-"How often did you eat your breakfast from a package?", "How often did you drink soda?", "How often did you eat dessert?", and "How often did you eat frozen meals?".
Healthy Behaviors-"How often did you eat breakfast?", and "How often did you prepare your meals at home?"
Questions from the survey were coded based on frequency of consumption. For example, if the question stated, "How often do you drink milk as a beverage (NOT in coffee or cereal)?", responses could have been "never," "less than one time per week," "3-4 times per week," "5-6 times per week," "one time per day," or "two or more times per day".
Depending on the frequency of consumption, responses were coded as "6" being 2 or more times per day, 5, 4, 3, 2, 1 through "0" indicating never. The 'healthier' frequencies, based on the DGA, were given the highest values, thus the sum scores would be higher based on how healthy the participant's intakes and choices were.
Knowledge
The knowledge group assessed four questions: "According to My Plate Guidelines, which of the following vegetables is considered the healthiest?", "According to My Plate Guidelines, which of the following protein sources is the healthiest?", "Which of the following grain choices has the most fiber?", and "According to the guidelines in the United States, healthy adults should engage in how many minutes of physical activity each week?". These questions provide an assessment of basic nutrition knowledge and are similar to those asked on exams in the course. Questions were coded as 1 if the participant answered correctly, and 0 if the participant answered incorrectly. These questions were then summed to create a summary knowledge score.
Motivation
The motivation category included three variables: autonomous motivation, controlled motivation, and amotivation. Motivation was calculated according a validated Dietary Self-Regulation survey (Williams et al., 1996) . The survey was a 15-item scale that asked about the reasons why people would either start, or continue, to eat a healthier diet. Subsections of the scale were summed to create a summary score of the three types of motivation.
Exercise and Physical Activity (PA)
Exercise and PA were calculated based on two questions included in the dietary habits survey which were based on the WHO Physical Activity Questionnaire. Those questions were: "How long do you spend exercising per session?" and "How long do you spend walking to and from campus each day?". Responses could have been "I don't exercise/walk to and from campus," "less than 30 minutes,' "30-60 minutes," and "longer than 60 minutes". Responses were coded as 0 indicating the student does not walk to and from campus, 2 indicating less than 30 minutes, 3 indicating 30-60 minutes and 4 indicating longer than 60 minutes. The values of these two questions were summed.
Body Composition
We chose body fat percentage for our analysis. We chose body fat percentage over BMI because BMI only accounts for height and weight and does not reflect true body fatness.
Body fat percentage is a more accurate. The CosMed Bod Pod, using volume displacement, was used to measure the body composition of participants. Students were asked to wear tight fitting clothing such as spandex, or a swimsuit for females, and a swim cap. All jewelry and watches were removed.
Analyses
Data were analyzed using SPSS Statistics (Version 24) to investigate changes in dietary habits and body composition variables among groups over time. We grouped variables from our survey into five categories: knowledge (4 questions), percent fat, exercise and physical activity (2 questions), dietary habits (31 questions) and motivation (15 questions).
A repeated measures ANOVA was used to look at changes in percent body fat, knowledge, and exercise and physical activity over time. A repeated measures multivariate analysis of variance (rmMANOVA) was used to test the change among dietary habits and motivation between baseline and 4-months. A follow-up post-hoc MANOVA was used to determine differences among specific variables per time period. Post-hoc t-tests were used to determine differences among groups per variable. A multivariable linear regression with backwards selection was used to determine the relationship between our dependent variable, body fat percentage, and potential predictors: gender, dairy intake, fat intake, protein, grains, fruits and vegetables, discretionary choices, healthy behaviors, autonomous motivation, controlled motivation and amotivation. Non-significant predictors were removed from the model (p=0.05).
Section III: Results
Fifty-nine students completed the survey and body composition analysis at baseline, fifty-nine at 4-months, and fifty-three at 8-months follow-up. This represented an overall retention rate of 89.9% across two semesters. Approximately 86% of the participants were Caucasian, 7% Asian/Pacific Islander, 5% African American, and 2%
Hispanic. The majority of participants in both the experimental and control group were female. Participants were also of similar age. According to the CDC, a BMI between 18.5-24.9 is classified as normal or healthy weight (CDC 2017). The experimental participants were within this range at baseline, while control participants were in the overweight range (25.0-29.9) at baseline. See Table 1 .
The rmANOVA for body fat percentage was significant between groups from baseline to 4-months (F=4.26, df=55, p=0.044), with a 1.9% reduction (27.9%-26.77%) in body fat percentage among the experimental group and a 2.5% increase (25.25%-25.89%) in body fat percentage among the control group. There was no significant difference between groups for knowledge between baseline and 4-months. (Table 4 ; F=0.002, df=57, p=0.966). The rmANOVA for exercise and physical activity was also non-significant (F=1.845, df=57. p=0.180). Although not statistically significant, we did see a maintenance of exercise level in the education groups with a reduction in exercise among the control group. See Tables 2, 3, 5. For dietary habits, the rmMANOVA was non-significance (F=0.313, df=49, p=0.945) . In addition, the rmMANOVA for motivation was also nonsignificant (F=1.882, df=55, p=0.143). The multivariable linear regression model showed a linear relationship between our outcomes variable, percent fat, and our predictors (Adjusted R-Square=10.126, df=5, p<0.0001). Results indicated that autonomous motivation (B=-0.331, p=0.001), controlled motivation (B=0.280, p=0.025), dairy consumption (B=-0.292, p=0.004), knowledge (B=0.174, p=0.076), discretionary choices (B=0.275, p=0.004) and gender (B=0.532, p=0.000) may explain changes in body fat percentage among college-aged students over time, with autonomous decreasing body fat percentage and the other predictors increasing body fat percentage (Table 9) .
At the 8-month follow-up, a t-test indicated percent fat and motivation were nonsignificant between groups (Table 11 ). There was no difference between groups for knowledge (t=1.756, df=51, p=0.085). The MANOVAs for dietary habits (F=0.644, df=44, p=0.717) and motivation (F=2.381, df=3, p=0.081) were non-significant. The multivariable linear regression model showed a linear relationship between our outcomes variable, percent fat, and our predictors at 8-months (Adjusted R-Square=16.485, df=49, p=0.000).
Results indicated that discretionary choices (B=0.192, p=0.068), fat intake (B=0.213, p=0.043) and gender (B=0.619, p<0.0001) were the strongest predictors of percent body fat.
Section IV: Discussion
There are several factors that influence weight-related behavior; however, studies have found that a basic understanding of nutrition is necessary for a diet change to occur (Yahia et al. 2016) . We found that a one-semester nutrition course reduced body fat percentage among undergraduate students. Although we were not able to determine exactly how the course impacted percent body fat, we did see a maintained level of exercise in the education group and a decrease in the control group at the end of the semester. This suggests that nutrition knowledge may have influenced body fat percentage through exercise.
One factor that may influence dietary changes in college students is motivation.
Autonomous motivation has been consistently associated with maintained behavior change (Williams et al. 1996) . Based on our linear regression model for the experimental and control groups at the end of the semester, we found that autonomous motivation is related to a decrease in percent body fat, while controlled motivation resulted in an increase in percent body fat. This suggests that motivation may impact body fat percentage among college students.
Interestingly, from baseline to 4-months, both the experimental and control groups reported a decrease in consumption of dairy, grains, fruits and vegetables, and protein. The experimental group also had no change in fat intake from baseline to 4-months, while the control group increased fat intake. Our study is consistent with previous research which found that students who consumed less than 35% of daily calories from fat had a higher nutrition knowledge score (Yahia et al., 2016) . Although there was not a statistically significant difference in knowledge among groups at 4 months, it is likely that the semester-long course played some role in increasing knowledge and decreasing percent body fat among students. Also, due to small sample size, power may have been too low to detect the relationship between the course and knowledge.
We found the effect of education did not have long-term effects on students. At the 8-month time point, there were no significant differences between control and experimental groups among variables. Data from the linear regression model at 8-months suggests that dietary fat and discretionary choices may be significant predictors of body fat percentage among college-aged students. An explanation for this could be that the final data collection (8-months) was two weeks before exam periods, thus students may not have been making healthy dietary choices due to convenience and lack of time. This is consistent with previous research which has found that greater consumption of soda, frozen meals, and fast food was observed during times of stress (Errisuriz et al., 2016) . Our results suggest continued nutrition education or refreshers may help students to maintain healthy behaviors.
This study had several limitations. One limitation is that the dietary habits and physical activity survey was not validated, though questions came from validated surveys.
Subjects were also recruited on a voluntary basis. It is likely that those who participated, especially in the control group, were already interested in changing their dietary habits. As evidenced by the reduction in percent body fat from baseline to the end of the educational treatment, it is likely the education treatment had some impact on participants, yet we were not able to identify the exact mechanism. It is possible that low power or that variables outside of those measured by the survey may have impacted percent body fat in the experimental group. Furthermore, the method of summation for knowledge and motivation may have washed out the ability to detect where differences existed between the control and experimental group.
Our study concludes that nutrition education has the potential to impact body fat percentage among college-aged students. Based on these findings, education interventions to reduce obesity and promote healthy habits among college students should aim to influence motivation, dairy consumption, knowledge, discretionary choices, dietary fat intake and exercise. Our findings indication that one semester of nutrition education alone may not be effective in promoting long-term healthy behaviors. 
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